The physiological effects of local anaesthetic (bupivacaine), neurolytic (phenol) blockade and surgical ablation of the lumbar sympathetic chain were assessed in patients with peripheral vascular disease or sympathetic dystrophy. Local anaesthetic blockade in 49 patients resulted in significant decrease in pain, plantar sweating and in the vasoconstrictor ice response of the foot, as well as a significant increase in skin temperature and foot blood flow. Subsequent neurolytic blockade in 31 of these patients achieved an effective denervation as assessed by the same physiological measurements. The magnitude of changes in blood flow and sympathetic activity were similar for local anaesthetic and neurolytic blockade as well as in six patients who underwent surgical sympathectomy.
In a prospective study of three hundred and eight-six patients with rest pain and skin ulceration due to occlusive vascular disease, Cousins et al. reported that effective and longlasting sympathetic denervation was achieved with a technique of neurolytic lumbar sympathetic blockade. 4 Pain relief was obtained in 80070 of patients and the duration of pain relief was the same as the duration of sympathetic denervation, as judged by abolition of sudomotor activity. 4 Anatomical studies in cadavers have demonstrated a high degree of reliability of placing the needle in the lumbar sympathetic chain,3 with the technique described in our previous study. 4 The current study was designed to provide objective evidence of the reliability of neurolytic lumbar sympathetic blockade in producing abolition of efferent vasoconstrictor activity in the lower limb with simultaneous measurements of skin blood flow. Although surgical lumbar sympathectomy has virtually been abandoned in this institution, following the marked success of our previously reported series, it was possible to study a small number of patients who, because of their surgeon's preference, were subjected to surgical lumbar sympathectomy.
METHODS The study was undertaken on 49 patients who gave informed consent for unilateral local anaesthetic lumbar sympathetic blockade. There were 23 females and 26 males with a mean age of 68 years (range 40-96 years); 30 patients had peripheral vascular disease (8 suffered rest pain, 15 rest pain with ulceration, AnaeSfhesia and Intensive Care, Vol. 13. No. I, February, 1985 and 7 disabling intermittent claudication). In addition, 19 patients with symptoms and signs of sympathetic dystrophy2 were studied to provide information on patients free from occlusive vascular disease.
Pain, sympathetic activity and blood flow were measured before and after each procedure. Pain was assessed by the patient with the visual analogue scale l6 which yields a score between 0 and 10 cm. Sympathetic activity and blood flow were measured in a temperature-controlled, 21 (SEM 0.5) QC, vascular laboratory by: 1. plantar sweating using the cobalt blue sweat test, 4 which is a percentage score, arbitrarily divided into a range from 1 to 6; 2. postural hypotension assessed by measuring brachial blood pressure supine and erect sphygmomanometrically, and expressed as mean blood pressure; 3. the Doppler Pressure Index (Parks Model 806 Directional Doppler) which is the ratio of the resting ankle blood pressure to the brachial blood pressure; 4. skin temperature (QC) measured with a thermistor (Yellow Springs) placed on the dorsum of the foot at the first web; 5. foot blood flow measured in mI!WO ml foot tissue/min by venous occlusion plethysmography,8 using water-filled plethysmographs at 34 (SEM 1) QC; 6. the vasoconstrictor ice response of foot blood flow following 10 sec. application of ice to the side of the neck. lo The water-bath of the plethysmograph provides a controlled local temperature for the measurement of foot blood flow.
Patients were selected on clinical grounds by a vascular surgeon (l.A.W.) for local anaesthetic sympathetic blockade and if that successfully relieved their symptoms and signs and they were fit for surgery, they were randomly allocated for surgical or neurolytic sympathectomy. However, because of the physical status of many of the patients, only six were fit enough for surgical sympathectomy.
Local anaesthetic sympathetic blockade
Pain, sympathetic activity and blood flow were assessed in the Vascular Laboratory immediately prior to transferral to the Department of Radiology. Unilateral lumbar sympathetic blockade was performed using the technique previously described. 4 Three needles, at L2, 3 and 4, were confirmed to be Anaesthesia and Intensive Care. Vol. 13. No. J, February, 1985 juxtapositioned to the lumbar sympathetic chain by the injection of 0.1 ml of Conray 420 under an image intensifier. Then 2 ml of 0.5070 bupivacaine HCI (Marcain) was injected through each needle. The patient was then returned to the Vascular Laboratory for reassessment of pain, sympathetic activity and blood flow approximately one hour after sympathetic blockade.
Neurolytic sympathetic blockade
Those patients who proceeded to neurolytic sympathetic blockade followed the same routine. The injection in this case was 10% phenol in Conray 420. The volume of injection at each level was the minimal amount that extended to provide complete linear spread over the extent of each vertebral body. This varied from 0.1-1 ml at each vertebral body, thus the maximum volume of phenol used in anyone patient was 3 m!.
Surgical sympathectomy
Those patients who were scheduled for surgical sympathectomy had their pain and sympathetic activity assessed on the afternoon before surgery. Sympathectomy was via a transverse loin incision and sympathectomy was carried out via a retroperitoneal approach with removal of at least one lumbar ganglion (L3 and/or L4) and 3 cm of sympathetic chain. Postoperative incisional pain was minimal, thus follow-up assessment was possible within 48 hour of operation.
Statistical analysis
Data were analysed on a DEC-W computer using the S.P.S.S. set of subprograms,15 and significance of observed pre-to-post differences was tested by the Wilcoxon matched pairs signed ranks test. Comparisons were also made between 'normalised' data which were expressed as the ratio between treated and untreated limbs for foot blood flow and skin temperature. The ice response and plantar sweating data were already expressed as a percentage, thus the differences between treated and untreated limbs were compared.
RESULTS

Local anaesthetic lumbar sympathetic blockade
Local anaesthetic blockade with bupivacaine resulted in a decrease in pain (p<O.OOI), plantar sweating (p<O.OOI) and the vasoconstrictor ice response (p<O.04) on the treated side. These changes were accompanied by a significant increase in foot blood flow (p<O.OOl) and skin temperature (p<O.OOl) (Figures 1-5). There was no change in the response of mean blood pressure to change in posture, no change in ankle/brachial pressure index after blockade ( Figure 6 ). There was no significant alteration in any of the parameters in the untreated control lower limb, except for the ice response which increased slightly on the untreated side (p<0.044, Wilcoxon matched pairs signed rank test).
Local anaesthetic block was successful in every patient as judged by the above methods.
Neurolytic lumbar sympathetic blockade
After effective local anaesthetic sympathetic blockade, 31 patients, comprising 25 with peripheral vascular disease and 6 with sympathetic dystrophy, proceeded to neurolytic block two or more days later. When analysed separately, significant changes occurred in the 25 patients with vascular disease which were similar, but less in magnitude, compared with those in patients with sympathetic dystrophy. For simplicity of presentation, data were pooled.
Unilateral neurolytic Injection of the sympathetic chain by phenol in these 31 patients was followed by a significant decrease in pain (p<O.OOI), plantar sweating (p<0.02) and ice response (p<O.Ol). There was a concomitant rise in foot blood flow (p<0.02). The rise in skin temperature on the treated side (mean increase 0.9 0c) was not statistically significant in absolute units (p<O.I), but when 'normalised' by comparing the ratios of temperature-treated limb/temperature-control limb before and after neurolytic blockade, the increase was significant (p<O.Ol) (Figures 1-5 ).
As with local anaesthetic blockade, there was no postural change in mean blood pressure, no change in ankle/brachial pressure index, and no effect on the contralateral untreated limb ( Figure 6 ). Patients were ambulant within 24 hours of neurolytic sympathetic blockade, and those classified as suffering sympathetic dystrophy were treated on an outpatient basis. The most common side-effect (20070) was LI neuralgia, which responded readily to transcutaneous electrical stimulation 6 and usually abated within three weeks.
Surgical lumbar sympathectomy
Six patients (two with disabling intermittent claudication and four with sympathetic dystrophy) were studied before and within 48 hours of unilateral surgical lumbar sympathectomy. Although the changes measured did not reach levels of statistical significance, the magnitude and direction of the changes are similar to those obtained with the local anaesthetic and neurolytic techniques (Figure 7) , and are consistent with the physiological effects which have been well documented over the past 30 years.I,IS The mean duration of hospitalisation after surgical sympathectomy was seven days. For technical reasons, e.g. very low levels of blood flow or inadequate patient co-operation, not all measurement parameters were assessable on all patients -the number assessed with respect to each parameter is indicated in the legends of the figures.
DISCUSSION
Lumbar sympathectomy continues to hold a place in the treatment of peripheral vascular disease, especially where there is distal ischaemia in a limb not suitable for direct arterial surgery. II Selection of cases, however, is usually empirical because, in general, tests for predicting the response to sympathetic ablation have been disappointing. In 1973, Yao and Bergan 19 found a poor correlation between the vaso-dilatation induced by alpha-blockade and the flow response to sympathectomy and concluded that the resting level of the ankle/brachial pressure index was more valuable. Myers and Irvine l4 had reported reasonable correlation between the hyperaemic response induced by local heating plus reactive hyperaemia and the post-sympathectomy response. However, Lofstrom and Zetterquist (1969)13 found a good correlation between the eventual outcome of sympathectomy and initial testing with a continuous catheter local anaesthetic sympathetic blockade. The refinement of performing the local anaesthetic block under two-dimensional image intensifier control, plus accurate localisation with contrast medium before injection of local anaesthetic, has resulted in the achievement of an effective temporary sympathetic blockade in all 49 patients in the present series as judged by the changes in foot blood flow and sympathetic activity. All patients who subsequently proceeded to neurolytic sympathetic blockade or surgical sympathectomy achieved increase in foot blood flow, decrease in sympathetic activity and pain relief.
In earlier attempts to achieve lumbar sympathectomy by non-surgical means, such as the neurolytic technique described by Reid, Watt and Gray l7 in 1970, there was an unacceptably high failure rate because the phenol was introduced by 'blind' injection. In addition, the completeness of sympathetic denervation independent of blood flow changes was not assessed. Similarly, in a trial of 'blind' phenol sympathectomy reported by Fyfe and Quin 5 in 1975, only changes in foot skin temperature were assessed, and patients studied had claudication rather than rest pain. The present study demonstrates the benefit of refining the earlier 'blind' technique by mixing contrast medium with phenol and viewing the spread under an image intensifier. Thus, it has been possible to keep the total dose injected below 3 ml of 10070 phenol while still achieving satisfactory coverage of the lumbar vertebrae at L2, 3 and 4.
The diminution of pain following sympathectomy as assessed by the analogue scale method 16 provides clear evidence of the ability of sympathectomy to relieve rest pain and that associated with sympathetic dystrophy. This may be due to the increases in blood flow measured in this study. However, it is also possible that reduction in sympathetic activity results in decreased pain transmission, i.e. modification of afferent activity by mechanisms peripheral to, 7.9 or rostrad to, t2 the spinal cord. Thus, it is likely that the decrease in pain as perceived by the patients with local anaesthetic, neurolytic and surgical sympathetic blockade may be due to modification of pain transmission as well as by improvement in skin blood flow.
Objective measurement of the various indicators of sympathetic function in the vascular laboratory has served as a record of completeness of each procedure and has allowed comparison of local anaesthetic, neurolytic and surgical techniques, and has confirmed that the initial effects of sympathetic denervation are similar, regardless of the technique. The changes in plantar skin sweating, foot skin temperature, blood flow and ice response indicate that the neurolytic technique achieves an effective sympathetic blockade which appears to be as effective as surgical ablation. At this stage, no definite comment can be made on the duration of reduced vasomotor activity following neurolytic sympathectomy. However, a previous study reported a mean duration of reduced sudomotor activity of approximately six months, and a high percentage of skin ulcers healed and remained healed. 4 The principal side-effect of neurolytic sympathetic blockade has been L I neuralgia in approximately 20070 of patients in the present and an earlier series. 4 Fortunately, this complication responds readily to transcutaneous electrical stimulation. 6 Postural hypotension (theoretically a potential problem) did not occur following neurolytic sympathetic blockade, presumably reflecting compensatory Anueslhesia alld Inr£'flsive Care, Vol. 13, No. /, February, 1985 increases in sympathetic tone in other areas. Thus, it would appear safe to carry out this procedure on a 'day patient' basis.
The technique of neurolytic sympathectomy is now firmly established in our hospital, so that few surgical sympathectomy operations are performed. The obvious benefits of the neurolytic technique are avoidance of the risks of general anaesthesia, operation and postoperative complications. The technique is suitable as an outpatient procedure, thus permitting a larger turnover and considerable cost-saving through decreased hospital bed usage.
In conclusion, neurolytic lumbar sympathetic blockade, by the technique described, can be a highly reliable method of sympathetic denervation. A high percentage of patients in this small study achieved relief of rest pain, and a high percentage of patients in a large previous study had healing of ischaemic ulcers. In addition, the present study has confirmed that vasomotor activity is virtually abolished and this is accompanied by significant increases in skin blood flow, even in patients with occlusive vascular disease. If long-term follow-up studies are able to show sustained sympathetic denervation, then the neurolytic technique will be confirmed as a valid alternative to traditional surgical lumbar sympathectomy.
